Objective. To report on medical schools in fragile states, countries with severe development challenges, and the impact on the workforce for health care delivery. Data Sources. 2007 Fragile states are countries with severe development challenges due to weak institutional capacity, unstable governance, and political volatility (World Bank 2015). Disease outbreaks and complex humanitarian emergencies occur disproportionately in fragile states. The recent Ebola virus disease outbreak in Western Africa exemplifies this concern and underscores the need to have stronger health systems, equipped with health professionals trained to address both the acute and chronic demands for health care services in these settings (Doull and Campbell 2008; Boozary, Farmer, and Jha 2014; Horton 2014; Raguin and Eholie 2014) . Health care provision in fragile states depends
heavily on nongovernmental organizations, foreign government agencies, and international aid (Fujita et al. 2011) . To date, little is reported about medical schools in times of fragility, particularly collectively across different geographic regions (Duvivier et al. 2014) . However, medical schools and health training may provide one of the most sustainable solutions to delivery of health care in fragile states (Doull and Campbell 2008; Fujita et al. 2011) . Overall, there is a lack of research examining the relationship between fragile states and medical schools.
We posit that fragile status has an independent association with number of medical schools. The instability of governance and institutional capacity contributes to an inability to invest in medical education and the health delivery system. Thus, fragile states may be perceived in the labor market as lacking the infrastructure to make a long-term commitment to training and employment for both student and teaching candidates. Holding population and economic factors fixed, candidates for training or teaching in medical schools may therefore leave or refuse to enter the local labor market in fragile states due to these disincentives.
In this study, countries deemed fragile states by the World Bank were compared with nonfragile countries worldwide to understand the distributions of country-level economic, demographic, and health indicators. We also explore whether fragile states have a disproportionately low number of medical schools and assess whether fragile status is associated with the number of medical schools after accounting for other measured factors. This could provide foundational evidence that fragile states are unlikely to train sufficient numbers of physicians for the future, based on currently available human resources for health and infrastructure.
MATERIALS AND METHODS

Definitions
The World Bank's 2007 and 2012 lists of "Countries and Economies" were used. States were classified as fragile if they appeared on the World Bank's Harmonized List of Fragile Situations. All fragile states had an average Country Policy and Institutional Assessment (CPIA) rating of ≤3.2 of 6 possible points or the presence of a United Nations and/or regional peacekeeping or peace-building mission during the prior 3 years. The CPIA is an annually updated score developed by the World Bank to assess the capacity of a state to effectively use development support based on in-country policies and institutions (World Bank 2012).
Data Extraction
Countries and economies were excluded from the analysis for the following reasons, defined prior to data collection: (1) total population <50,000 inhabitants, or (2) no available data on either life expectancy from the World Health Organization (WHO) or total population from the World Bank. Country-level indicators were collected from the World Databank and WHO Global Health Observatory (World Bank 2015; World Health Organization 2015) . We only include countries that were International Development Aid (IDA) eligible. Subnational conflicts and regions without statehood were not part of this study.
Information on medical schools was derived from the World Directory of Medical Schools, developed by the World Federation for Medical Education (WFME) and the Foundation for Advancement of International Medical Education and Research (FAIMER), with the WHO and University of Copenhagen (World Directory of Medical Schools 2014). The World Directory defines a medical school as "an educational institution that provides a complete or full program of instruction leading to a basic medical qualification; that is, a qualification that permits the holder to obtain a license to practice as a medical doctor or physician." We examine registered medical schools; it is known that nonregistered medical schools exist in fragile states, but, for various reasons, including organizational capacity, desire for registration, need for telecommunications, and lack of personnel, may not be listed in existing databases (Duvivier et al. 2014) . All data on medical schools were extracted in May 2014.
Statistical Analysis
Descriptive statistics were calculated for fragile states and nonfragile states based on status in 2007, the first year fragile status was available, and 2012, the most recent year available at the time of analysis. These descriptive analyses included an examination of states that transitioned from fragile status in 2007 to nonfragile status in 2012 and those that transitioned from nonfragile status in 2007 to fragile status in 2012. Standardized regression estimators were used to study the effect of fragile status in 2012, the most recent year available and therefore the most policy-relevant classification, on the number of medical schools in 2014. Three regression models were considered, with all models including an indicator for fragile status. Model 1 was an unadjusted estimator and contained no additional covariates. Model 2 added the total population count on the logarithmic scale and population growth. Finally, Model 3 added gross national income (GNI) per capita and health expenditure per capita. The outcome variable, number of medical schools, was dichotomized given the sparsity of values >1 among fragile states. We considered binary outcomes for fewer than two schools as well as fewer than three schools.
The standardized regression approach was implemented given its flexibility and ease of interpretation; logistic regression models without standardization estimate the conditional odds ratio, whereas we were interested in the marginal relative risk. Logistic regression without any standardization does not identify marginal population-level effects, and the parameters are thus not equivalent. Formally, the standardization regression estimator we implemented averages the logistic regression estimator over the estimated empirical distribution of the measured covariates to produce a marginal estimator and is also referred to as the g-computation estimator (Robins 1986; Fragility, defined by fragile status in 2012, had an overall strong effect on having <2 or <3 medical schools, including after adjustment for potentially confounding variables: total population, population growth, GNI per capita, and health expenditure per capita (Table 2 ). Fragile states were 1.76-2.37 times more likely to have <2 medical schools than nonfragile states, depending on adjustment variables, and all relative risks were statistically significant. Similarly, fragile states were 1.27-1.76 times more likely to have <3 medical schools than nonfragile states, with all relative risks being statistically significant except the model with GNI per capita and health expenditure per capita. For countries with <2 medical schools, there was a median of seven physicians per 100,000 inhabitants in fragile states compared with 49 physicians in nonfragile states (p < .01). Similarly, the median number of physicians for countries with ≥2 medical schools was 26 in fragile states versus 183 in nonfragile states (p < .01). Median GNI per capita was 565 USD in fragile states with <2 medical schools and 945 USD for ≥2 medical schools. In contrast, median GNI per capita in nonfragile states was 3,190 USD and 5,560 USD for <2 and ≥2 medical schools, respectively. 
DISCUSSION
In this analysis, we quantitatively assess the presence of medical schools in countries deemed to be fragile by the World Bank. When considering states that have two or fewer medical schools, the risk of being below this threshold is approximately two times higher if the state is fragile. This is true even after adjustment for some available indicators that are closely linked to fragility, including health expenditure per capita in a country. Indeed, a small number of states had no medical schools at all. By quantifying the lack of medical training opportunities in fragile states, we aim to understand how fragile states lack the infrastructure to train sufficient numbers of physicians and, more long term, how they may not meet population-level health goals. Physicians are among several health care workers needed to address international inequities in major health indicators. We focus on medical schools because of the comparative lack of information on nursing and public health schools and the present attempts to register medical schools worldwide. There is a high likelihood that schools for other health care workers are even more limited in number compared with medical schools in fragile states.
Several states in this analysis were either in armed conflict or emerging from conflict, including Afghanistan, Central African Republic, and Sudan. As the relationship between armed conflict and fragility is conceptually interlinked, many countries are both fragile and have a current or recent history of armed violence. Information specific to medical schools in armed conflict is anecdotal. One comprehensive report found that medical personnel and facilities were targeted in approximately 80 percent of countries in armed conflict between 2003 and 2008, but information specific to medical schools is unreported (Rubenstein and Bittle 2010) .
This analysis also contributes to the growing recognition of Africa's health workforce crisis, but it focuses on states that are particularly vulnerable to it (Conway, Gupta, and Khajavi 2007; Mullan et al. 2011; Dalton 2014) . One study, in 2007, found that an additional 820,000 doctors and nurses are needed in Africa to address "even the most basic health services." In subSaharan Africa, where many fragile states are located, the rate of increase in the number of physicians has not kept pace with the growing population or grown at the pace of low-income countries elsewhere, such as India. Although several studies have concentrated on physician migration, relatively less has been studied on the number of training opportunities that exist and the low input of new physicians into the health sector. These shortages, among multiple other demands on weak health systems, exacerbate disease outbreaks such as HIV/AIDS and Ebola virus disease. Indeed, Sierra Leone, Guinea, and Liberia are all states fragile in both 2007 and 2012.
Our study has several strengths, including the novelty of the data extracted and analyzed, as well as the focus on population-level parameters of interest to policy makers. We provide a global overview of the world's fragile states, across continents and geopolitical groups. These findings have several actionable results to implement change. We report that the number of medical schools is exceedingly small in most fragile states and the number of physicians per capita in these regions is disproportionately low. Because the fragility status designation is relatively new and has objective metrics, countries could be chosen internationally, which could not be done until 2006 when this information was first made publicly available by the World Bank. We also include new countries and countries outside of the African region.
Our work is also subject to specific limitations. The outcome of interest was based on the absolute number of reported registered schools but not on several other metrics of future interest. The student-faculty ratio, male-female student and faculty ratios, number of academic disruptions due to violence and protests, fear of school attendance, and disparities in access to admissions -all anecdotally reported from various countries-cannot be officially studied through data collection (Sagher 2006; Rubenstein and Bittle 2010; Mullan et al. 2011; Asante, Roberts, and Hall 2012) . The quality of medical education and graduating workforce would also be of high importance to study, and the World Directory of Medical Schools does not contain either of these metrics. This includes the range and breadth of the medical school curriculum, access to hands-on clinical opportunities during training, and inclusion of topics such as gender-based violence, trauma, and mental health. We also do not have data on unregistered medical schools. However, if our posited conceptual framework for the relationship between fragile status and number of medical schools is correct, our findings would likely hold if the number of unregistered medical schools had indeed been available.
This research supports the idea that establishing a sufficient workforce for health care delivery in fragile states is nontrivial. As many fragile states have a single medical school, there should be limited expectation that many will support their own health needs in the foreseeable future through existing operations. Based on our findings, we believe a focus on existing medical schools is important, given the strain on the relatively few schools that exist. "Twinning" of high-and lowincome schools internationally is proposed as a way to exchange ideas, curricula, and tangible products that can bilaterally improve education (Howard et al. 2007 ). Moreover, cooperation among medical school leadership in fragile states may lead to a more potent international presence and defined advocacy. Additionally, prospective characterization of faculty, students, and infrastructure-including perceived successes and obstacles-would enrich the understanding of the day-to-day operations of the few medical schools operating in fragile states.
CONCLUSION
Fragile status is a significant risk factor for having few medical schools. Existing medical schools lack the capacity to train sufficient numbers of physicians necessary to achieve population-level health goals.
